Ischemic heart disease (IHD) was responsible for 7.4 million deaths worldwide in 2012. 1 While individual and lifestyle determinants play an important role in its pathogenesis, environmental stressors such as noise pollution have been implicated as risk factors as well. Noise exerts its deleterious effects through direct and indirect neuroendocrine pathways, which ultimately lead to activation of the sympatheticadrenal system, disruption of sleep patterns, higher plasma cortisol and catecholamine release, and increased cardiovascular risk. 2, 3 A meta-analysis found a 1.08 (95% CI: 1.04, 1.13) higher risk of coronary heart disease (CHD) per 10 dB increase of road traffi c L DN . 4 However, less is known about the association between occupational noise exposure and IHD. Heretofore, studies have been discordant due to differences in design and exposure/outcome defi nition. 5 Gan et al. 6 reported OR=2.04 (95% CI: 1.16, 3.58) among people exposed to loud noise for 1.6 -18.8 years, Virkkunen et al. 7 found HR = 1.27 (95% CI:1.13,1.44) for those exposed to > 80 dB during an 18-year follow-up, while Jovanovic et al. 8 did not fi nd elevated odds for exposure to > 80 dB, and neither did Thériault et al. 9 Overall, although there was some evidence to suggest higher risk of IHD morbidity, it was limited. 5 In Bulgaria, this topic is a pressing issue given that both IHD and noise exposure are highly prevalent. To put this in context, IHD was the cause for 12.7% of all deaths in 2012. 10 The 2008 European Health Interview Survey showed that 8.3% of Bulgarians reported IHD. 11 Conversely, 28% of all Bulgarians in urban areas are exposed to road traffi c day-evening-night equivalent sound level (L den )≥65 dB and the costs of road traffi c noise-attributed myocardial infarction were estimated at about € 11.6 million. 12 According to the Sixth European Working Conditions Survey, in 2015, 28.8% of the Bulgarian workers were exposed to noise so loud that they would have to raise their voice to talk to people during at least one fourth of the time. 13 Nevertheless, few studies have explored the effects of noise on IHD. Tzenova et al. 14 surveyed 1062 residents of Sofi a and found signifi cantly higher prevalence of IHD (17.38% vs. 10.56%) in those exposed to residential L eq 6-22 h >60 dB for 21 years, from which we could calculate RR=1.65 (95% CI:1.21,2.24).
Dimitrova and Karaslavova reported no effect of self-reported exposure to "excess production noise" on myocardial infarction among men (OR unadjusted =0.680, 95% CI:0.379,1.220), but signifi cantly higher odds (OR unadjusted =4.01, 95% CI:0.84,19.11) among women. 15 Given this insuffi cient evidence, the aim of the present study was to examine the risk of IHD associated with road traffi c and occupational noise exposure in a Bulgarian population.
MATERIALS AND METHODS

DESIGN AND VARIABLES
This was a cross-sectional study carried out between July and November, 2014 in Plovdiv, Bulgaria. Participants were sampled via two procedures -a non-probability snowball method and fi eld interviews (see ref. 16 ). Briefl y, in the snowball sampling, the initial seeds were asked to recruit other members of their social network to ensure continuity of the procedure. In the fi eld survey, the authors selected different neighborhood blocks representative of the geomorphological and land-use urban fabric of Plovdiv; the fi rst author visited those sites and invited local residents to participate. Current residence in Plovdiv and age 18 years or older were the inclusion criteria; those reporting hearing loss or uncorrected hearing impairment were excluded.
Participants completed a questionnaire comprising questions about:
• 16 • factors relevant to IHD (body-mass index, diagnosis with type 2 diabetes mellitus and arterial hypertension, pack-years of smoking)
• other potential confounders: noise sensitivity 17 , sleep disturbance ("0, very good" to "10, cannot sleep at all"), bedroom location (having a noisy façade or not) and duration of residence at the current address SAMPLE SIZE An a priori sample size was estimated using G*Power v.3.1.9.2. For L den ≥65 dB it was based on the risk estimate and the base rate of IHD in the non-exposed group reported by Tzenova et al. 14 -817 for 80% power and 482 for 60% power. For long-term LONE the calculations were based on the risk of CHD in long-term exposed workers reported by Gan et al. 6 and the same base rate from Tzenova et al. 14 -391 for 80% power. A fi nal sample of 513 residents was included in the analyses, after excluding those meeting exclusion criteria.
STATISTICAL ANALYSIS
Variables were initially screened for patterns of missing data, univariate normality (D'Agostino-Pearson K 2 test) and outliers (modifi ed outlier labeling rule). The variable with highest percentage of missing values (40.9%) was L den due to underreporting of residential addresses and it was not missing completely at random. Outliers were kept if they were considered true and honest answers. Ethnic minority members were combined into one group due to the lower number of Armenian, Roma, and Jewish participants, whereas the Turks were prevalent.
Descriptive statistics were computed. In case of non-normally distributed/categorical variables we used Spearman correlations and Pearson ChiSquare/Fisher's Exact Test/Fisher-Freeman-Halton Test. Welch's t-test and ANOVA were used even with non-normally distributed interval data due to their robustness to violations of normality and homogeneity of variance. 18, 19 The main analyses investigated the risk of prevalent IHD associated with lifetime occupational noise exposure (LONE) and L den exposure at the current address. We conducted log-link Poisson regressions to approximate the relative risk (RR). 20, 21 LONE was included as categorical variable (ever vs. never exposed and different quartiles of exposure vs. never exposed); L den was dichotomized (≥65 dB vs.<65 dB), according to the threshold relevant to cardiovascular diseases (WHO, cited by Ref. 12). We specifi ed several models with increasing adjustments: unadjusted model, basic model (age and gender-adjusted), main model, and fully adjusted model. The tool DAGitty v. 2.2 was used to construct directed acyclic graphs (DAGs) to determine a priori the suffi cient adjustment sets for estimating the total effect of L den and LONE in the main model without overadjusting (we forced pack-years of smoking and lifetime residential noise exposure in the main model for LONE, and pack-years of smoking, LONE, distance to major road, and duration of residence in the main model for L den ). The models were run on 50 imputed datasets. 22 They were tested for multicollinearity. Finally, sensitivity analyses were conducted on the main model for LONE (per one interquartile range increase) and L den (≥ 10 years at the current address) to study possible effect modifi cation by participants' characteristics.
Results were considered statistically signifi cant at p < 0.05 (two-tailed). Data were processed with Statistical Package for the Social Sciences v. 17.0.
RESULTS
A total of 249 questionnaires were distributed via snowball sampling (85.5% response rate); 1906 people were approached during the fi eld sampling (19.3% response rate). Data from 513 questionnaires were analyzed after additionally excluding 68 cases due to unacceptably high percentage of missing data on all key variables or due to meeting exclusion criteria.
Out of 513 participants, 35 (6.82%) reported doctor-diagnosed IHD. According to Table 1 , they were older, more often male, with lower educational level, widowed/divorced, retired, and with lower socio-economic status. They were more often diabetic and hypertensive, they had higher body mass index, had smoked more, were more sensitive to noise, reported more sleep disturbance, and had been exposed to occupational noise longer.
Overall, 163 participants (31.77%) had been exposed to loud occupational noise at some point in their life. Median duration of exposure among those participants was 7 years (IQR=14 years) and it was positively associated with age (r s = 0.79, 95% CI: 0.72, 0.84), body mass index (r s = 0.33, 95% CI: 0.18, 0.46), pack years of smoking (r s = 0.20, 95% CI: 0.05, 0.35), and sleep disturbance (r s = 0.19, 95% CI: 0.04, 0.34). It was longer in men and pensioners (data not shown). L den levels in the dataset ranged from 50 to 80 dB. One hundred and ninety-seven (38.40%) participants were exposed to L den ≥65 dB and it was associated with higher body mass index (23.55, SD=4.60 vs. 22.29, SD=3.67), marital status, and occupation (data not shown). Table 2 shows associations between IHD and L den for people with different duration of residence. No signifi cantly elevated risk was observed across the models regardless of duration of residence and adjustment sets. Regarding LONE, ever-exposed people had RR=1.76 increased risk; those exposed for 15-47 years had RR=2.35 increased risk, with evidence of linear trend across the quartiles of exposure ( Table 3) .
After stratifi cation by participants' characteristics, there was marginally signifi cantly increased risk associated with L den among people with lower socioeconomic status, whereas in those with middle and upper socioeconomic status there was no risk. In ethnic minorities the risk reached RR=4.2 (95% CI: 1.14, 15.48). The other interaction terms were non-signifi cant at p < 0.25 (Fig. 1) . The risk associated with LONE was signifi cantly higher among ethnic minority members in comparison to Bulgarians (Fig. 2) . The risk estimates themselves were signifi cant among women, ethnic minorities, smokers, and participants without diabetes.
DISCUSSION
Overall, this study suggested non-signifi cantly increased risk of prevalent IHD in association with L den . Some foreign studies reviewed by Babisch also reported null results. 4 The exposure threshold of 60 dB L eq 6-22 h previously used by Tzenova et al. 14 can be converted to approximately 62 dB L den 23 which is somewhat comparable to the 65-dB threshold used in our study. We corroborated the high risk among those exposed to these levels for over 20 years, although our estimate failed statistical signifi cance. LONE, conversely, was associated with significantly increased risk among long-term employees and other subgroups.
With respect to occupational noise, among ethnic minorities there was evidence of more pronounced risk of IHD for every 13 years of employment, but the results were inconclusive due to the wide confidence interval of the risk estimate. In similar vein as Dimitrova and Karaslavova 15 , we found higher risk among women exposed to noise at work. Gan et al. 6 conducted a cross-sectional survey using selfrated noise exposure and found more pronounced odds of CHD among men and long-term exposed participants. The ethnic differences that we found might be quite important and need to be studied in future research. The fact that noise exposure and IHD did not differ considerably between Bulgarians and ethnic minority members suggests a more complex explanation -in addition to environmental health disparities, the access to health services, lifestyle, religious, nutritional, and genetic factors might play a modifying role. Some minorities in Plovdiv like the Roma live in neighborhoods where leisure time noise from different cultural and religious practices (e.g., loud music at weddings on the outside) is a serious environmental nuisance, which could amplify the effects of occupational noise. It is also possible that ethnic minority members get Note: Models are based on 50 imputed datasets. a Reference category: never exposed (14 cases with IHD). b Model is adjusted for age and gender; c Additionally adjusted for ethnicity, socio-economic status, educational attainment, packyears of smoking and lifetime residential noise exposure; d Additionally adjusted for distance to major road, body mass index, type 2 diabetes mellitus, arterial hypertension, noise sensitivity, sleep disturbance, bedroom location and duration of residence; e p-value for linear trend across the means of the exposure categories; *statistically signifi cant at p<0.05.
employed as blue-collar workers more often due to prejudice or bigotry; we did not have job title description, which would have allowed us to determine the noise source in participants' occupational environment, but the exposure to machine noise, prevalent among blue-collar workers, might differ in its effects on IHD from "social noise" due to differences in frequency spectrum or impulse-noise characteristics, despite the fact that both may elicit the same vocal effort to talk to others; blue-collar workers are also co-exposed to vibrations, extreme temperatures, chemicals, physical strain, etc. Thus, un-modeled residual confounding cannot be ruled out. This merits further research given the ethnic structure of our society and the unfavorable milieu and physical environment of some minorities.
STRENGTHS AND LIMITATIONS
This study was one of the few to specifi cally focus on the effects of both occupational and road traffi c noise on IHD in Bulgaria. It used objective measure of road traffi c noise and adjusted for most of the relevant covariates. 4, 5 Like some previous studies 6,14 ours has limitations. Its cross-sectional design means that we could not confi rm that the exposure preceded the outcome. However, it met important criteria for causation (consistency, biological plausibility, coherence) which makes it acceptable. 24 The smallish sample size might explain some non-signifi cant estimates; Babisch, on the other hand, advocated for interpretation of confi dence intervals rather than p-values 25 , which are, according to some, misleading in epidemiological research 26 . However, because of the low number of different ethnic minority members, they were all analyzed under one group.
Some of the covariates (e.g., sleep disturbance, noise sensitivity) were relevant only for the past year and therefore, temporally unstable. The low response rate and mixed sampling inhibits generalization of the fi ndings, but this was not our objective and, given the suffi cient breadth of the data, it should not be concerning. Self-reported IHD might underestimate the true prevalence of the disease. However, in a populationbased male survey self-reported doctor-diagnosis with angina pectoris was found to be a valid measure. 27 Another study of 34616 employees found 78% sensitivity and 99% specifi city of self-reported coronary heart disease. 28 Self-rated LONE is another possible source of bias, as we had no data on whether participants' oc- cupational exposure exceeded the hygiene standards, which would be important because the mechanism of action across the loudness spectrum and the respective health effects of noise vary. On the other hand, speakers' vocal effort in a noisy occupational environment is often used to identify exposed individuals in epidemiological studies. Depending on the question, different noise intensities can be approximated. 29 For example, when people are 4 feet apart speaking in raised voice to hold a conversation is a proxy for 87 dB 30 , whereas ISO 9921/1:1996 and Lazarus suggest that for speakers at a distance of 1 meter the need to raise their voice represents a threshold of 66 dB 31 . Unfortunately, we had no information on hearing protection during work, noise sources, frequencies, whether it was continuous or intermittent, or other occupational factors such as microclimate, stress, vibrations, and physical strain. Overall, both self-reports (IHD and LONE) bias the results towards the null, making them conservative.
FURTHER RESEARCH Despite the limitations of this study, it provides much needed basis for further research in the country. In the recent years, the attention of public health experts has shifted away from noise hygiene, which stands in contrast to the current trend in Europe; moreover, there is a high demand for evidence from middle-to-low income countries such as Bulgaria. If relevant questions are included in the routine population-based surveys (by the National Center of Public Health and Analyses or the National Statistical Institute) or in surveys on working conditions, the research on the cardiovascular effects of noise will be advanced at relatively low cost. Moreover, there is a high demand for a contemporary job-exposure matrix representative of the noise levels across all job titles in Bulgaria, which would facilitate objective exposure assessment.
CONCLUSIONS
There was non-signifi cantly increased risk of prevalent IHD associated with exposure to L den ≥ 65 dB. LONE was associated with statistically signifi cantly increased risk. There was some evidence that among ethnic minority members the risk was more pronounced, but it was not conclusive.
